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 50 
Abstract 51 
 52 
The purpose of this study was to compare the inter-individual variability in the effects of 53 
plyometric jump training (PJT) on measures of physical fitness (sprint time; change of direction speed; 54 
countermovement jump; 20- and 40-cm drop jump reactive strength index; multiple 5 bounds distance; 55 
maximal kicking distance; and 2.4-km time trial) in youth soccer players who completed a PJT 56 
programme versus players who completed soccer training only. In a single-blinded study, participants 57 
aged between 10 and 16 years were randomly divided into a PJT group (n=38) and a control group 58 
(n=38). The experimental group participated in a PJT programme twice weekly for 7 weeks, whereas the 59 
control group continued with their regular soccer training sessions. Between-group differences were 60 
examined using a Mann-Whitney U test. Non-responders (NR) where defined as individuals who failed 61 
to demonstrate any beneficial change that was greater than two times the typical error of measurement 62 
(TE) from zero. The results indicated that the mean group improvement for all physical fitness measures 63 
was greater (p<0.05) in the PJT group (∆ = 0.4% to 23.3%; ES = 0.04 to 0.58) than in the control group 64 
(∆ = 0.1% to 3.8%; ES = 0.02 to 0.35). In addition, a significantly greater (p<0.05) number of responders 65 
across all dependent variables was observed in the PJT group (from 4 up to 33 responders) than in the 66 
control group (from 0 up to 9 responders). In conclusion, compared to soccer training only, PJT induced 67 
greater physical fitness improvements in youth soccer players, with a greater number of responders for 68 
all the physical fitness tests related to jumping, speed, change of direction speed, endurance, and kicking 69 
technical ability.  70 
 71 
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 99 
1 Introduction 100 
 101 
The habitual development of “athleticism” to improve health, enhance physical fitness, reduce the 102 
relative risk of injury, and develop the confidence and competence of youths is particularly relevant in 103 
programmes for children and adolescents (Lloyd et al., 2014) into the holistic long-term athletic 104 
development process in youths. Of particular relevance among training programmes for youth soccer 105 
players is resistance training, a specialized method of conditioning that involves the progressive use of a 106 
wide range of resistive loads, including body mass, and a variety of training modalities (e.g., machine-107 
based training, free weight training, plyometric training, complex training and functional training) to 108 
enhance muscular fitness and athletic performance (Behm et al., 2008;Granacher et al., 2016;Barbalho 109 
et al., 2018). Plyometric jump training (PJT) is a common resistance training modality that incorporates 110 
the stretch-shortening cycle of muscles to acutely improve the rate of force development, with the long-111 
term aim to induce neuromuscular adaptations (Markovic and Mikulic, 2010;Lloyd et al., 2014). The PJT 112 
programmes have the added advantages of not requiring expensive equipment or large spaces and have 113 
been shown to be an enjoyable (Ward et al., 2007) and effective form of training for youth soccer players 114 
(Bedoya et al., 2015), inducing physical fitness improvements such as jumping, sprinting, kicking, and 115 
change of direction, key traits for soccer (Barnes et al., 2014). These actions might precede most of the 116 
goals scored in competitive leagues (Faude et al., 2012), and may correlate with competition success 117 
(Arnason et al., 2004). Repeating these maximal-intensity actions across a game is also important 118 
(Carling et al., 2012) and might be associated with endurance (Helgerud et al., 2001), which also may be 119 
enhanced with PJT in youth soccer players (Ramirez-Campillo et al., 2014b;Ramirez-Campillo et al., 120 
2015a;Ramirez-Campillo et al., 2015b). On this basis, PJT programmes have received extensive attention 121 
from researchers in recent years (Ramirez-Campillo et al., 2018a) 122 
 123 
However, despite extensive investigation, research articles usually report the group response (i.e., 124 
the mean change within a training group) from youth soccer players to PJT without considering the wider 125 
inter-individual variability in the response to exercise training (IVRET), in which participants can be 126 
broadly classified into two types: responders and non-responders (Alvarez et al., 2017c;b;a;Alvarez et 127 
al., 2018a). Additionally, among the few studies of IVRET, most have focused on cardiorespiratory 128 
fitness and metabolic measures without considering other measures more relevant to soccer players (i.e., 129 
jumping) (Arnason et al., 2004), which not only may exhibit an IVRET but also may show a different 130 
response to training in each individual over time (Piirainen et al., 2014). Thus, it is important to not only 131 
study the IVRET phenomenon in a single variable but also study a cluster of dependent variables relevant 132 
to each study population (Barbalho et al., 2017). 133 
 134 
In addition to the above, most of the cited studies applied endurance training stimulus only or a 135 
combination of endurance and resistance training. Moreover, most investigations were carried out in 136 
adult populations. As the effects of resistance training and PJT may differ between individuals according 137 
to their development (Asadi et al., 2017;Moran et al., 2017a;Moran et al., 2017b;Moran et al., 2017c), 138 
the IVRET phenomenon typically observed in adults may be different from that in youth populations. 139 
Therefore, individual responsiveness to PJT alone remains a phenomenon that warrants further 140 
exploration. To our knowledge, only one study has analysed the IVRET phenomenon after plyometric 141 
training (Radnor et al., 2017). However, the study was not on youth soccer players, and only sprint and 142 
jumping variables were analysed.  143 
 144 
The purpose of this study was to compare the IVRET of physical fitness measures (jumping, 145 
reactive strength index, speed, change of direction ability, kicking performance, and endurance) in youth 146 
soccer players who completed a PJT programme or soccer training only. According to relevant literature 147 
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(Radnor et al., 2017), it was hypothesized that a higher number of responders -based on measures of 148 
physical fitness- would be observed among youth soccer players after PJT than among those who 149 
underwent soccer training only. 150 
 151 
2 Material and methods 152 
 153 
2.1 Participants 154 
 155 
Seventy-six male soccer players aged between 10 and 16 years (control group: Tanner stage 156 
3.7±1.1; body mass index, 19.9±2.3 kg.m-2; PJT group: Tanner stage, 3.7±1.1; body mass index, 19.9±1.7 157 
kg.m-2) volunteered to participate in the study. All participants had previously been engaged in soccer, 158 
with i) more than two years of systematic soccer training and competition experience and ii) continuous 159 
soccer training in the last six months. Although the participants regularly performed sporadic jumps 160 
during training and competition, they had not systematically performed PJT in the six months prior to 161 
this study and had no history of regular strength training. Figure 1 depicts the CONSORT diagram of the 162 
full recruitment and randomization process. Participants were divided into a PJT group (n=38) or a 163 
control group (n=38). The experimental group participated in a PJT programme twice weekly for 7 164 
weeks, whereas the control group carried out their regular soccer training sessions only. Participants were 165 
reminded during each training session to maintain their usual physical activity habits during the 166 
experiment. Exclusion criteria included subjects with (a) potential medical problems or a history of ankle, 167 
knee, or back pathology in the three months before the study, (b) medical or orthopaedic problems that 168 
compromised their participation or performance in the study, (c) any lower extremity reconstructive 169 
surgery in the past two years or unresolved musculoskeletal disorders, and (d) subjects who were taking 170 
or had previously taken anabolic steroids, growth hormone, or related performance-enhancement drugs 171 
of any kind. However, individuals were not excluded if they had been taking vitamins, minerals, or 172 
related natural supplements (other than creatine monohydrate). 173 
 174 
The following dependent variables were tested in all participants before and after the 7-week 175 
intervention: twenty-metre sprint time (20-m), change of direction speed test time (CODS), 176 
countermovement jump (CMJ) height, 20- (RSI20) and 40-cm (RSI40) drop jump reactive strength 177 
index, multiple 5 bounds distance (MB5), maximal kicking test for distance (MKD), and 2.4-km time 178 
trial. Following previous criteria (Alvarez et al., 2018b), non-responders (NR) to each of the dependent 179 
variables were defined as individuals who failed to demonstrate an increase or decrease (in favour of 180 
beneficial changes) that was greater than two times the typical error of measurement (TE) away from 181 
zero. Parental informed consent and participant assent were obtained in advance of the study. The 182 
Department Research Ethics Committee, in accordance with the Declaration of Helsinki, approved the 183 
study. 184 
 185 
***Figure 1 here*** 186 
 187 
Sample size was computed according to the changes observed in plyometric (i.e., reactive strength 188 
index) performance (d=0.3 mm.ms-1; SD=0.35) in a group of young adolescents submitted to the same 189 
training programme (Ramirez-Campillo et al., 2013;Ramirez-Campillo et al., 2014b). Eight participants 190 
per group would yield a power of 80% and α=0.05. 191 
 192 
2.2. Experimental design 193 
 194 
Subjects followed a 90-minute familiarization session before testing to reduce any learning 195 
effects, and a warm-up was completed at the beginning of each testing session (Andrade et al., 2015). 196 
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Standardized tests were scheduled >48 hours after competition or high-intensity physical training to 197 
minimize the influence of fatigue. All tests were performed over two days under similar weather, time, 198 
and field conditions before and immediately after the 7-week period. On day one, the players’ physical 199 
characteristics (height, body mass, and self-assessed pubic hair and genital stage) were assessed, and 200 
physical fitness tests were conducted in the following order: CMJ, RSI20 and RSI40, MB5, 20-m, and 201 
CODS test. On day two, the MKD and a 2.4-km time trial were performed. All tests were administered 202 
in the same order before and after training, with players wearing the same sporting attire. Data were 203 
recorded by the same investigators who were blinded to the group allocation of the participants. In 204 
addition, all participants (and their parents or guardians) were instructed to have a good night’s sleep (≥9 205 
hours) before each testing day and to be well hydrated. A standardized meal rich in carbohydrates was 206 
provided to the participants 2–3 hours before measurements. All participants were motivated to give their 207 
maximum effort during physical fitness measurements. At least two minutes of rest were allowed 208 
between each trial to reduce effects from fatigue. While waiting, the participants performed low-intensity 209 
activity to maintain physiological readiness for the next test. The best score of three trials was recorded 210 
for all physical fitness tests, apart from the single 2.4-km time trial, which was performed just once. As 211 
in previous studies that used similar procedures (Ramirez-Campillo et al., 2013;Ramirez-Campillo et al., 212 
2014b), high intra-class correlation coefficients were obtained for the different physical fitness tests, 213 
varying between 0.81 and 0.98. 214 
 215 
2.3 Somatic and maturity measures 216 
 217 
Height was measured using a wall-mounted stadiometer (Butterfly, Shanghai, China) recorded to 218 
the nearest 0.5 cm. Body mass was measured to the nearest 0.1 kg using a digital scale (BC-554 Ironman 219 
Body Composition Monitor; Tanita, Illinois, USA). Body mass index was then calculated (kg·m-2). 220 
Maturity was determined by self-assessment of Tanner stage as previously outlined (Ramirez-Campillo 221 
et al., 2014b). 222 
 223 
2.4 Vertical jump tests 224 
 225 
 Testing included the execution of maximal CMJ, RSI20, and RSI40. All jumps were performed 226 
on a mobile contact mat (Ergojump; Globus, Codogne, Italy) with arms akimbo. Take-off and landing 227 
was standardized to full knee and ankle extension on the same ground position. The participants were 228 
instructed to maximize jump height and minimize ground contact time during the RSI20 and RSI40 after 229 
descending from 20- and 40-cm boxes respectively. The RSI was calculated as previously reported 230 
(Ramirez-Campillo et al., 2014b), dividing jumping height (mm) by time contact (ms), thus expressed in 231 
mm·ms-1. 232 
 233 
2.5 Multiple 5 bounds test 234 
 235 
The MB5 was started from a standing position from which participants performed a set of 5 236 
forward jumps with alternative left- and right-leg contacts to cover the longest distance possible. The 237 
distance of the MB5 was measured to the nearest 0.5 cm using a tape measure (Ramirez-Campillo et al., 238 
2014b). Participants were motivated to give their maximum effort during three trials, with ~2 minutes of 239 
rest between trials. Considering its specificity in soccer players, the test is an adequate alternative to 240 
vertical jumps as a measure of explosive strength and coordination (Diallo et al., 2001;Meylan and 241 
Malatesta, 2009;Ramirez-Campillo et al., 2014b). 242 
 243 
2.6 Twenty-meter sprint and change of direction speed test 244 
 245 
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The sprint time was measured to the nearest 0.01 seconds using single beam infrared reds 246 
photoelectric cells (Globus Italia, Codogne, Italy). The starting position was standardized to a still split 247 
standing position with the toe of the preferred foot forward and behind the starting line. The sprint start 248 
was given by a random sound which triggered timing. The photoelectric signal was positioned at 20 m 249 
and set ~0.7 m above the floor (i.e., hip level) to capture the trunk movement rather than a false trigger 250 
from a limb. The CODS test has been described previously, and its reliability addressed elsewhere 251 
(Ramirez-Campillo et al., 2014b). The timing system and procedures were the same as the 20-m sprint 252 
with the exception that subjects started lying on their stomach on the floor with their face down.  253 
 254 
2.7 Maximal kicking distance test 255 
 256 
After a standard warm-up, each player kicked a new size 5 soccer ball (Nike Seitiro, FIFA 257 
certified) for maximal distance on a soccer field. Two markers were placed on the ground side by side to 258 
define the kick line. Participants performed a maximal instep kick with their dominant leg after a run up 259 
of two strides. A 75-m metric tape was placed between the kicking line and across the soccer field. An 260 
assessor was placed near the region where the ball landed after the kick to mark the point of contact and 261 
to measure the distance kicked. The distance was measured to the nearest 0.2 m. All measurements were 262 
completed with a wind velocity <20 km·h-1 (local Meteorological Service). Previous studies have 263 
reported a high level of reliability for similar soccer kicking tests (Ramirez-Campillo et al., 2014b). 264 
 265 
2.8 Time trial 2.4-km test 266 
 267 
As previously recommended (Ramirez-Campillo et al., 2014b;Assuncao et al., 2017), the time-268 
trial 2.4 km test was used considering its multiple facet requirement (maximal oxygen consumption, 269 
lactate threshold, running economy, muscle power) (Coyle, 1995), likely to affect aerobic-related 270 
performance in soccer. After a warm-up run of 800-m and four minutes of rest, players performed six 271 
laps of a 400-m outdoor dirt track, timed to the nearest second, with a stopwatch. The wind velocity at 272 
all times was ≤8.9 km.h-1, the relative humidity was between 50 and 70%, and the temperature was 273 
between 15 and 20° C (local Meteorological Service). Motivation was considered maximal as the test 274 
was conducted as part of the team selection process. 275 
 276 
2.9 Training intervention 277 
 278 
This study was completed during the mid-portion of the players’ competition period. Before this 279 
period, participants completed two months of summer pre-season training, were three 90 minutes training 280 
sessions were completed per week. The control group did not perform PJT but did perform their usual 281 
soccer training, which included 20 minutes of technical drills, 20 minutes of tactical drills, 20 minutes of 282 
small-sided games, and 30 minutes of simulated competitive games per session. In addition, once a week, 283 
injury prevention drills were incorporated. To ensure that training loads were similar between groups, 284 
the session rating of perceived exertion (RPE) was determined by multiplying the soccer training duration 285 
(in minutes) by session RPE, as previously described in studies of young soccer players (Ramirez-286 
Campillo et al., 2014b). Before the initiation of the training period, participants from the PJT group were 287 
instructed on proper execution of all the exercises included in the programme. During the intervention, 288 
the PJT group replaced some technical drills (e.g., ball heading exercises) with plyometric drills within 289 
the usual 90-minute practice period, twice per week for 7 weeks. This training programme has been 290 
shown to induce significant physical fitness adaptations in youth soccer players during the in-season 291 
period as part of a replacement for some low-intensity technical drills (Ramirez-Campillo et al., 2014b). 292 
All plyometric sessions lasted ~21 minutes and were performed just after the warm-up to ensure that the 293 
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players were in a rested state and that they gained optimal benefits from the specific programme 294 
(Ramirez-Campillo et al., IN PRESS).  295 
 296 
Briefly, the PJT included sixty drop jump repetitions per session and was performed on a grass 297 
soccer field. The athletes completed three sets of 10 repetitions from 20-, 40-, and 60-cm height boxes, 298 
in a random schedule, in order to maximize adaptations (Hernández S. et al., 2018), for a total of 840 299 
foot contacts after 7 weeks of training. The participants were instructed to jump as high and fast as they 300 
could, with maximal voluntary effort (Ramirez-Campillo et al., 2018b), for each repetition. We did not 301 
increase the training volume during the 7-week period, as we used high-intensity plyometric exercises 302 
performed with maximal effort; however, an adequate training stimulus was applied during each 303 
plyometric session, as previously demonstrated in youth soccer players (Ramirez-Campillo et al., 304 
2014a;Ramirez-Campillo et al., 2014b). The rest period between repetitions and sets was ~15 and ~90 s 305 
(Ramirez-Campillo et al., 2013;Ramirez-Campillo et al., 2014b), respectively. Previous research has 306 
demonstrated that this is an adequate rest interval for this type of training (Ramirez-Campillo et al., 307 
2014b). As players did not have any history of formal PJT, all exercises were supervised with an 308 
investigator-to-participant ratio of 1:6. A high investigator-to-participant ratio have demonstrated greater 309 
benefits during explosive resistance training interventions (Ramirez-Campillo et al., 2017). Particular 310 
attention was paid to exercise demonstration and execution, providing maximal motivation to athletes 311 
during each jump. Training sessions were separated by a minimum period of 48 hours (including games). 312 
Aside from the formal training intervention, all participants attended their regular physical education 313 
classes. 314 
 315 
The reliability of jump heights and contact times for the PJT drills was verified in a randomly assigned 316 
subsample of participants (i.e., n=2) during two randomly selected training sessions. During these 317 
sessions, ground contact-times and jump heights were tested using the same procedures and equipment 318 
as described above. Briefly, the maximal intensity for drop jumps was verified by measuring height and 319 
contact-time of the respective drill. 320 
 321 
2.10 Statistical analysis 322 
 323 
The between group differences in percentage change for all physical fitness variables was 324 
examined using a Mann-Whitney U test. Percentage change from baseline testing was calculated for all 325 
individuals in each of the physical fitness variables. The NR were identified and defined as individuals 326 
who failed to demonstrate an increase or decrease (in favour of beneficial changes) in physical fitness 327 
that was greater than two-times the TE away from zero, calculated using a previously stablished equation 328 
(Bonafiglia et al., 2016). For the current study, three repeats of each physical fitness test were used in 329 
order to calculate the TE. A change beyond 2 times the TE was representative of a high probability (i.e. 330 
12 to 1 odds) that the observed response was a true physiological adaptation beyond what might be 331 
expected to result from technical and/or biological variability. Thus, the TE were the following (CMJ, 332 
0.074 [cm] x 2; RSI20, 0.00054 [mm/ms] x 2; RSI40, 0.00052 [mm/ms] x 2; MB5, 0.017 [m] x 2; 20 m, 333 
0.0074 [s] x 2; CODS, 0.038 [s] x 2; MKD, 0.106 [m] x 2. For the 2.4 km time trial test, considering that 334 
only one maximal attempt was employed during testing, the criteria to determine NR were those athletes 335 
that did not reduce the total time in the test. Additionally, the Chi-Square test (X2) was used for 336 
comparisons between groups of subjects who were into the 2 x TE calculated in each outcome (NR), or 337 
beyond 2 times the TE (responders [R]). Cohen´s d effect sizes (ES) were calculated for within groups 338 
changes in physical fitness, and interpreted using previously outlined ranges (<0.2 = trivial; 0.2–0.6 = 339 
small; 0.6–1.2 = moderate; 1.2–2.0 = large; 2.0–4.0 = very large; >4.0 = extremely large).  340 
 341 
3 Results 342 
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 343 
No differences were observed between the PJT and the control groups in the somatic and maturity 344 
measures, nor before nor after the intervention.  345 
 346 
At baseline, no differences were observed between the groups for all the dependent variables, 347 
with values for the whole group of players being 26.8 ± 5.2 cm for CMJ, 0.102 ± 0.04 mm·ms-1 for 348 
RSI20, 0.103 ± 0.04 mm·ms-1 for RSI40, 8.9 ± 1.2 m for MB5, 4.35 ± 0.5 s for 20-m, 20.2 ± 2.8 s for 349 
CODS, 10.6 ± 0.8 min for 2.4-km time trial, and 31.8 ± 7.6 m for the MKD test.  350 
 351 
Table 1 shows the mean group response to each intervention and the significant between-group 352 
differences in percentage change for all physical fitness variables. For CMJ, RSI20, RSI40, MB5, 20-m, 353 
CODS, 2.4-km time trial, and MKD physical fitness variables, a significantly greater (p<0.05) 354 
improvement was observed in the PJT group (ES = 0.21, 0.58, 0.37, 0.28, 0.04, 0.27, 0.28, 0.53, 355 
respectively) when compared to the control group (ES = 0.13, 0.08, 0.06, 0.01, 0.35, 0.25, 0.04, 0.06, 356 
respectively). The individual change in absolute units per each physical fitness test is shown in figure 1 357 
and figure 2.  358 
 359 
***Table 1 near here*** 360 
 361 
***Figure 2 and 3 near here*** 362 
 363 
 When responders in the PJT group were compared to those in the control group, the chi-squared 364 
analysis revealed a significantly greater number of responders after PJT for CMJ, RSI20, RSI40, MB5, 365 
20-m, CODS, 2.4-km time trial, and MKD (Table 1).  366 
 367 
Specifically, for the CMJ test, 47% of the players were identified as responders in the PJT group, 368 
compared to only 24% in the control group. For the RSI20 test, 87% of the players were identified as 369 
responders in the PJT group, compared to only 13% in the control group. For the RSI40 test, 76% of the 370 
players were identified as responders in the PJT group, compared to 18% in the control group. In the 371 
MB5 test, 63% of the players were identified as responders in the PJT group, compared to 8% in the 372 
control group. For the 20-m test, 11% of the players were identified as responders in the PJT group, 373 
compared to 5% in the control group. In the CODS test, 50% of the players were identified as responders 374 
in the PJT group, whilst none of the players from the control group demonstrated a response. Regarding 375 
the 2.4-km time trial test, 50% of players were identified as responders in the PJT group, compared to 376 
only 16% in the control group. In the MKD test, the percentage of responders for the PJT and the control 377 
groups were 76% versus 8%, respectively.  378 
 379 
4 Discussion 380 
 381 
The purpose of this study was to compare the IVRET on measures of physical fitness in youth 382 
soccer players who completed PJT versus players who completed soccer training only. The main findings 383 
indicate that there was a greater number of responders in the PJT group than in the control group across 384 
all variables measured. Thus, the combination of PJT with soccer training induced a greater number of 385 
responders than did soccer training only in measures of jumping, speed, change of direction, endurance, 386 
and technical abilities in youth soccer players. Current results contribute novel findings regarding the 387 
IVRET phenomenon in youth soccer players after a PJT programme. The IVRET analysis carried out in 388 
the current study may help better assess results from PJT interventions for improved individualization of 389 
training approaches.  390 
 391 
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The current findings show larger improvements in jumping performance in the PJT group than in 392 
the control group. These results corroborate previous findings showing that PJT was effective in 393 
improving jumping performance in youth soccer players (Bedoya et al., 2015). Improvements in jumping 394 
height ability may be a relevant aim for soccer players, since a greater jumping ability may be related to 395 
a better position in a competitive league (Arnason et al., 2004), and therefore, the integration of PJT in 396 
the regular training schedules of youth players may be an effective method of enhancing competitiveness. 397 
The improvement observed in the PJT group may have been induced by increased neural drive to the 398 
agonist muscles, improved intermuscular coordination, changes in musculotendinous mechanical 399 
stiffness characteristics, changes in muscle size or architecture, and changes in single-fibre mechanics 400 
(Markovic and Mikulic, 2010). However, without specific physiological measurements, only speculative 401 
conclusions are possible. In a previous study (Radnor et al., 2017), although several resistance training 402 
methods were applied in youths, only PJT was associated with a greater number of responders in jumping 403 
performance (i.e., RSI) than that in the control group. Our results also showed a greater number of 404 
responders in jumping performance in the PJT group (n = 18 to 33, depending on the jump test) than in 405 
the control group (n = 3 to 9). In addition, our findings expanded previous knowledge, showing that PJT 406 
induced a greater number of responders than soccer training only for variables related to vertical jumping, 407 
horizontal jumping, acyclical jumping (i.e., CMJ; RSI) and cyclical jumping (i.e., 5 multiple bounds). Of 408 
note, a greater number of responders was observed for jumping actions that involved fast stretch-409 
shortening cycle (SSC) measures (i.e., RSI) than for those involving slow SSC measures. This result may 410 
reflect the specific effect of the training programme, as only drop jumps were implemented in the current 411 
study, similar to previous studies (Ramirez-Campillo et al., 2015a;Ramirez-Campillo et al., 2015b). 412 
Given the relevance of the rate of force development for youth soccer long-term athletic development 413 
(Meylan et al., 2014), the observed improvement in RSI could enhance physical qualities related to game 414 
performance. 415 
 416 
Regarding the 20-m sprint test, our results indicate that the change in sprinting time was greater 417 
in the PJT group than in the control group after 7 weeks. Previous findings confirm that PJT may increase 418 
sprint performance (Saez de Villarreal et al., 2012;Assuncao et al., 2017). Moreover, a larger number of 419 
responders was observed in the PJT group (n=4) than in the control group (n=2). However, it must be 420 
noted that the improvement in the 20-m test was rather small (-0.4%) compared to the improvements in 421 
other physical fitness variables, possibly owing to the lack of motor pattern similarity between the 422 
training stimulus (i.e., vertical) and the sprinting performance test. Therefore, PJT may be the best 423 
complement to other methods for inducing positive adaptations that improve sprint performance. 424 
Previous studies have also called for more specific training methods to improve sprint performance in 425 
youth soccer players (Ramirez-Campillo et al., 2014b;Ramirez-Campillo et al., 2015b), especially when 426 
the PJT stimulus was of a vertical nature, given the importance of horizontal force production and its 427 
relevance to sprint performance (Morin et al., 2012).  428 
 429 
An improvement in the CODS test was observed in the PJT group compared to the control group. 430 
Performance in this test is commonly improved after PJT programmes in youths (Asadi et al., 2017), 431 
including youth soccer players (Ramirez-Campillo et al., 2014b;Bedoya et al., 2015). Several underlying 432 
factors may help explain the improvements in CODS performance, such as improved muscle power and 433 
concentric and eccentric muscle strength (Young et al., 2015). To our knowledge, this was the first study 434 
to report and compare responders and non-responders to PJT in CODS performance among youth soccer 435 
players. Our results indicate that the PJT programme induced 19 responders; meanwhile, no responders 436 
were detected in the control group. These results suggest the advantage of including some specific jump 437 
drills in the regular training schedule of youth soccer players to help them perform the CODS movements 438 
that commonly occur during a competitive soccer match (Stolen et al., 2005). Moreover, CODS is an 439 
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important determinant of high performance throughout the course of a soccer player’s career and, 440 
therefore, must be developed from a young age (le Gall et al., 2010). 441 
 442 
Regarding the 2.4-km time trial test, the PJT induced an improvement in this test in the youth 443 
soccer players. Improvements in similar tests have been previously reported in youth soccer players after 444 
PJT (Ramirez-Campillo et al., 2014b;Assuncao et al., 2017).  In addition to the improvements in 445 
endurance performance in the PJT group, the number of responders in the PJT group reached 50%, which 446 
is considerably higher than the 16% in the control group. The positive effects of PJT on performance in 447 
the 2.4-km time trial test might be due to the running economy associated with PT (Barnes and Kilding, 448 
2015), which may have offset fatigue and allowed the athletes to maintain a higher velocity during the 449 
test.  450 
 451 
In the kicking performance test, the PJT group experienced greater improvement than the control 452 
group. This is a particularly interesting observation considering that the PJT group replaced some 453 
technical low-intensity soccer drills with high-intensity jumping actions. Moreover, a greater number of 454 
responders (n=29) was observed after PJT than after soccer training only (n=3). These results are similar 455 
to those previously reported (Michailidis et al., 2013). Considering that players had two or more years of 456 
soccer experience, improvements in kicking performance in the PJT group were probably not related to 457 
changes in technical ability and were more likely due to improvements in neuromuscular (Markovic and 458 
Mikulic, 2010) and biomechanical adaptations induced by PJT (Lees et al., 2010).  459 
 460 
Although with several strengths, some potential limitations should be acknowledge. Firstly, we 461 
did not obtain physiological assessments to better understand the underlying mechanisms of PJT induced 462 
adaptations in responders and non-responders athletes. However, physical fitness tests (i.e., jumping) are 463 
significantly and highly associated with physiological [i.e., type of muscle fiber (Bosco and Komi, 1979)] 464 
and biomechanical parameters (Ham et al., 2007;Chamari et al., 2008;Meylan et al., 2010) as well as 465 
with sporting success. The latter is most important for athletic cohorts (Arnason et al., 2004;Wisloff et 466 
al., 2004). Secondly, although the replacement of technical drills during the in-season period in youth 467 
soccer players is uncommon, our approach did not induced a negative impact on the player’s technical 468 
abilities. In fact, our results proved that athletes in the PJT group improved their ability to kick a soccer 469 
ball. However, from an ecological valid point of view, although PJT can improve physical fitness in 470 
youth male soccer players, to optimize training adaptations, this training strategy should be adequately 471 
applied in a more complex training plan that incorporates other explosive (e.g., sprints), endurance, 472 
technical, and tactical-oriented training methods. Future studies should aim to obtain physiological 473 
assessments to better understand the underlying mechanisms of PJT induced adaptations in responders 474 
and non-responders athletes. Moreover, future studies should aim to analyze the IVRET according to the 475 
maturity of soccer players, including both female and males athletes.  476 
 477 
In conclusion, compared to soccer training only, PJT induced greater physical fitness 478 
improvements in youth soccer players, with a greater number of responders in the PJT group in all the 479 
physical fitness tests related to jumping, speed, change of direction, endurance, and kicking technical 480 
ability. The current results contribute novel findings regarding the IVRET phenomenon in youth soccer 481 
players after a PJT programme. The IVRET analysis carried out in the current study may help to better 482 
assess results from PJT interventions for improved individualization of training approaches.  483 
 484 
5 Conflict of interest 485 
 486 
The authors declare that the research was conducted in the absence of any commercial or financial 487 
relationships that could be construed as a potential conflict of interest. 488 
11 
 
 489 
6 Author contributions 490 
 491 
Designed the work: RRC, CA, MI; data acquisition: RRC, CA; analysis and interpretation of data: PG, 492 
JM, CA; drafting the work: RRC, CA, FGP; revising critically the work: RRC, CA, PG, JM, FGP, AMA, 493 
MI; final approval of the version to be published: RRC, CA, PG, JM, FGP, AMA, MI; agree to be 494 
accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of 495 
any part of the work were appropriately investigated and resolved: RRC, CA, PG, JM, FGP, AMA, MI.  496 
 497 
7 References 498 
 499 
Alvarez, C., Ramirez-Campillo, R., Ramirez-Velez, R., and Izquierdo, M. (2017a). Effects and 500 
prevalence of nonresponders after 12 weeks of high-intensity interval or resistance training in 501 
women with insulin resistance: a randomized trial. J Appl Physiol (1985) 122, 985-996. 502 
Alvarez, C., Ramirez-Campillo, R., Ramirez-Velez, R., and Izquierdo, M. (2017b). Effects of 6-Weeks 503 
High-Intensity Interval Training in Schoolchildren with Insulin Resistance: Influence of 504 
Biological Maturation on Metabolic, Body Composition, Cardiovascular and Performance Non-505 
responses. Front Physiol 8, 444. 506 
Alvarez, C., Ramirez-Campillo, R., Ramirez-Velez, R., and Izquierdo, M. (2017c). Prevalence of Non-507 
responders for Glucose Control Markers after 10 Weeks of High-Intensity Interval Training in 508 
Adult Women with Higher and Lower Insulin Resistance. Front Physiol 8, 479. 509 
Alvarez, C., Ramirez-Campillo, R., Ramirez-Velez, R., Martinez, C., Castro-Sepulveda, M., Alonso-510 
Martinez, A., and Izquierdo, M. (2018a). Metabolic effects of resistance or high-intensity interval 511 
training among glycemic control-nonresponsive children with insulin resistance. Int J Obes 512 
(Lond) 42, 79-87. 513 
Alvarez, C., Ramirez-Velez, R., Ramirez-Campillo, R., Shigenori, I., Celis-Morales, C., Garcia-514 
Hermoso, A., Rodriguez-Manas, L., Lucia, A., and Izquierdo, M. (2018b). Inter-individual 515 
responses to different exercise stimuli among insulin-resistant women. Scand J Med Sci Sports. 516 
Andrade, D.C., Henriquez-Olguin, C., Beltran, A.R., Ramirez, M.A., Labarca, C., Cornejo, M., Alvarez, 517 
C., and Ramirez-Campillo, R. (2015). Effects of general, specific and combined warm-up on 518 
explosive muscular performance. Biol Sport 32, 123-128. 519 
Arnason, A., Sigurdsson, S.B., Gudmundsson, A., Holme, I., Engebretsen, L., and Bahr, R. (2004). 520 
Physical fitness, injuries, and team performance in soccer. Med Sci Sports Exerc 36, 278-285. 521 
Asadi, A., Arazi, H., Ramirez-Campillo, R., Moran, J., and Izquierdo, M. (2017). Influence of maturation 522 
stage on agility performance gains after plyometric training: A systematic review and meta-523 
analysis. J Strength Cond Res 31, 2609-2617. 524 
Assuncao, A.R., Bottaro, M., Cardoso, E.A., D, P.D.D.S., Ferraz, M., Vieira, C.A., and Gentil, P. (2017). 525 
Effects of a low-volume plyometric training in anaerobic performance of adolescent athletes. J 526 
Sports Med Phys Fitness. 527 
Barbalho, M., Gentil, P., Raiol, R., Del Vecchio, F., Ramirez-Campillo, R., and Coswig, V. (2018). Non-528 
linear resistance training program induced power and strength but not linear sprint velocity and 529 
agility gains in young soccer players. Sports 6, 43. 530 
Barbalho, M.S.M., Gentil, P., Izquierdo, M., Fisher, J., Steele, J., and Raiol, R.A. (2017). There are no 531 
no-responders to low or high resistance training volumes among older women. Exp Gerontol 99, 532 
18-26. 533 
Barnes, C., Archer, D.T., Hogg, B., Bush, M., and Bradley, P.S. (2014). The evolution of physical and 534 
technical performance parameters in the English Premier League. Int J Sports Med 35, 1095-535 
1100. 536 
Barnes, K.R., and Kilding, A.E. (2015). Strategies to improve running economy. Sports Med 45, 37-56. 537 
12 
 
Bedoya, A.A., Miltenberger, M.R., and Lopez, R.M. (2015). Plyometric training effects on athletic 538 
performance in youth soccer athletes: A systematic review. J Strength Cond Res 29, 2351-2360. 539 
Behm, D.G., Faigenbaum, A.D., Falk, B., and Klentrou, P. (2008). Canadian Society for Exercise 540 
Physiology position paper: resistance training in children and adolescents. Appl Physiol Nutr 541 
Metab 33, 547-561. 542 
Bonafiglia, J.T., Rotundo, M.P., Whittall, J.P., Scribbans, T.D., Graham, R.B., and Gurd, B.J. (2016). 543 
Inter-individual variability in the adaptive responses to endurance and sprint interval training: A 544 
randomized crossover study. PLoS One 11, e0167790. 545 
Bosco, C., and Komi, P.V. (1979). Mechanical characteristics and fiber composition of human leg 546 
extensor muscles. European Journal of Applied Physiology and Occupational Physiology 41, 547 
275-284. 548 
Carling, C., Le Gall, F., and Dupont, G. (2012). Analysis of repeated high-intensity running performance 549 
in professional soccer. J Sports Sci 30, 325-336. 550 
Chamari, K., Chaouachi, A., Hambli, M., Kaouech, F., Wisloff, U., and Castagna, C. (2008). The five-551 
jump test for distance as a field test to assess lower limb explosive power in soccer players. J 552 
Strength Cond Res 22, 944-950. 553 
Coyle, E.F. (1995). Integration of the physiological factors determining endurance performance ability. 554 
Exerc Sport Sci Rev 23, 25-63. 555 
Diallo, O., Dore, E., Duche, P., and Van Praagh, E. (2001). Effects of plyometric training followed by a 556 
reduced training programme on physical performance in prepubescent soccer players. J Sports 557 
Med Phys Fitness 41, 342-348. 558 
Faude, O., Koch, T., and Meyer, T. (2012). Straight sprinting is the most frequent action in goal situations 559 
in professional football. J Sports Sci 30, 625-631. 560 
Granacher, U., Lesinski, M., Busch, D., Muehlbauer, T., Prieske, O., Puta, C., Gollhofer, A., and Behm, 561 
D.G. (2016). Effects of resistance training in youth athletes on muscular fitness and athletic 562 
performance: a conceptual model for long-term athlete development. Front Physiol 7, 164. 563 
Ham, D.J., Knez, W.L., and Young, W.B. (2007). A deterministic model of the vertical jump: 564 
implications for training. J Strength Cond Res 21, 967-972. 565 
Helgerud, J., Engen, L.C., Wisloff, U., and Hoff, J. (2001). Aerobic endurance training improves soccer 566 
performance. Med Sci Sports Exerc 33, 1925-1931. 567 
Hernández S., Ramirez-Campillo, R., Álvarez, C., Sanchez-Sanchez, J., Moran, J., Pereira, L.A., and 568 
Loturco, I. (2018). Effects of plyometric training on neuromuscular performance in youth 569 
basketball players: a pilot study on the influence of drill randomization. J Sports Sci Med 17, 372-570 
378. 571 
Le Gall, F., Carling, C., Williams, M., and Reilly, T. (2010). Anthropometric and fitness characteristics 572 
of international, professional and amateur male graduate soccer players from an elite youth 573 
academy. J Sci Med Sport 13, 90-95. 574 
Lees, A., Asai, T., Andersen, T.B., Nunome, H., and Sterzing, T. (2010). The biomechanics of kicking 575 
in soccer: a review. J Sports Sci 28, 805-817. 576 
Lloyd, R.S., Faigenbaum, A.D., Stone, M.H., Oliver, J.L., Jeffreys, I., Moody, J.A., Brewer, C., Pierce, 577 
K.C., Mccambridge, T.M., Howard, R., Herrington, L., Hainline, B., Micheli, L.J., Jaques, R., 578 
Kraemer, W.J., Mcbride, M.G., Best, T.M., Chu, D.A., Alvar, B.A., and Myer, G.D. (2014). 579 
Position statement on youth resistance training: the 2014 International Consensus. Br J Sports 580 
Med 48, 498-505. 581 
Markovic, G., and Mikulic, P. (2010). Neuro-musculoskeletal and performance adaptations to lower-582 
extremity plyometric training. Sports Med 40, 859-895. 583 
Meylan, C., Cronin, J., Oliver, J., Hughes, M., and Manson, S. (2014). An evidence-based model of 584 
power development in youth soccer. Int J Sports Sci Coach 9, 1241-1264. 585 
13 
 
Meylan, C., and Malatesta, D. (2009). Effects of in-season plyometric training within soccer practice on 586 
explosive actions of young players. J Strength Cond Res 23, 2605-2613. 587 
Meylan, C.M., Nosaka, K., Green, J., and Cronin, J.B. (2010). Temporal and kinetic analysis of unilateral 588 
jumping in the vertical, horizontal, and lateral directions. J Sports Sci 28, 545-554. 589 
Michailidis, Y., Fatouros, I.G., Primpa, E., Michailidis, C., Avloniti, A., Chatzinikolaou, A., Barbero-590 
Alvarez, J.C., Tsoukas, D., Douroudos, Ii, Draganidis, D., Leontsini, D., Margonis, K., 591 
Berberidou, F., and Kambas, A. (2013). Plyometrics' trainability in preadolescent soccer athletes. 592 
J Strength Cond Res 27, 38-49. 593 
Moran, J., Sandercock, G.R., Ramirez-Campillo, R., Meylan, C., Collison, J., and Parry, D.A. (2017a). 594 
A meta-analysis of maturation-related variation in adolescent boy athletes' adaptations to short-595 
term resistance training. J Sports Sci 35, 1041-1051. 596 
Moran, J., Sandercock, G.R.H., Ramirez-Campillo, R., Todd, O., Collison, J., and Parry, D.A. (2017b). 597 
Maturation-related effect of low-dose plyometric training on performance in youth hockey 598 
players. Pediatr Exerc Sci 29, 194-202. 599 
Moran, J.J., Sandercock, G.R., Ramirez-Campillo, R., Meylan, C.M., Collison, J.A., and Parry, D.A. 600 
(2017c). Age-related variation in male youth athletes' countermovement jump after plyometric 601 
training: A meta-analysis of controlled trials. J Strength Cond Res 31, 552-565. 602 
Morin, J.B., Bourdin, M., Edouard, P., Peyrot, N., Samozino, P., and Lacour, J.R. (2012). Mechanical 603 
determinants of 100-m sprint running performance. Eur J Appl Physiol 112, 3921-3930. 604 
Piirainen, J.M., Cronin, N.J., Avela, J., and Linnamo, V. (2014). Effects of plyometric and pneumatic 605 
explosive strength training on neuromuscular function and dynamic balance control in 60-70year 606 
old males. J Electromyogr Kinesiol 24, 246-252. 607 
Radnor, J.M., Lloyd, R.S., and Oliver, J.L. (2017). Individual response to different forms of resistance 608 
training in school-aged boys. J Strength Cond Res 31, 787-797. 609 
Ramirez-Campillo, R., Alvarez, C., Garcia-Hermoso, A., Ramirez-Velez, R., Gentil, P., Asadi, A., 610 
Chaabene, H., Moran, J., Meylan, C., Garcia-De-Alcaraz, A., Sanchez-Sanchez, J., Nakamura, 611 
F.Y., Granacher, U., Kraemer, W., and Izquierdo, M. (2018a). Methodological characteristics and 612 
future directions for plyometric jump training research: A scoping review. Sports Med 48, 1059-613 
1081. 614 
Ramirez-Campillo, R., Alvarez, C., García-Pinillos, F., Sanchez-Sanchez, J., Yanci, J., Castillo, D., 615 
Loturco, I., Chaabene, H., Moran, J., and Izquierdo, M. (2018b). Optimal reactive strength index: 616 
is it an accurate variable to optimize plyometric training effects on measures of physical fitness 617 
in young soccer players? J Strength Cond Res 32, 885-893. 618 
Ramirez-Campillo, R., Alvarez, C., Gentil, P., Loturco, I., Sanchez-Sanchez, J., Izquierdo, M., Moran, 619 
J., Nakamura, F.Y., Chaabene, H., and Granacher, U. (IN PRESS). Sequencing effects of 620 
plyometric training applied before or after regular soccer training on measures of physical fitness 621 
in young players. J Strength Cond Res. 622 
Ramirez-Campillo, R., Andrade, D.C., Alvarez, C., Henriquez-Olguin, C., Martinez, C., Baez-623 
Sanmartin, E., Silva-Urra, J., Burgos, C., and Izquierdo, M. (2014a). The effects of interset rest 624 
on adaptation to 7 weeks of explosive training in young soccer players. J Sports Sci Med 13, 287-625 
296. 626 
Ramirez-Campillo, R., Andrade, D.C., and Izquierdo, M. (2013). Effects of plyometric training volume 627 
and training surface on explosive strength. J Strength Cond Res 27, 2714-2722. 628 
Ramirez-Campillo, R., Burgos, C.H., Henriquez-Olguin, C., Andrade, D.C., Martinez, C., Alvarez, C., 629 
Castro-Sepulveda, M., Marques, M.C., and Izquierdo, M. (2015a). Effect of unilateral, bilateral, 630 
and combined plyometric training on explosive and endurance performance of young soccer 631 
players. J Strength Cond Res 29, 1317-1328. 632 
Ramirez-Campillo, R., Gallardo, F., Henriquez-Olguin, C., Meylan, C.M., Martinez, C., Alvarez, C., 633 
Caniuqueo, A., Cadore, E.L., and Izquierdo, M. (2015b). Effect of vertical, horizontal, and 634 
14 
 
combined plyometric training on explosive, balance, and endurance performance of young soccer 635 
players. J Strength Cond Res 29, 1784-1795. 636 
Ramirez-Campillo, R., Martinez, C., De La Fuente, C.I., Cadore, E.L., Marques, M.C., Nakamura, F.Y., 637 
Loturco, I., Caniuqueo, A., Canas, R., and Izquierdo, M. (2017). High-Speed Resistance Training 638 
in Older Women: The Role of Supervision. J Aging Phys Act 25, 1-9. 639 
Ramirez-Campillo, R., Meylan, C., Alvarez, C., Henriquez-Olguin, C., Martinez, C., Canas-Jamett, R., 640 
Andrade, D.C., and Izquierdo, M. (2014b). Effects of in-season low-volume high-intensity 641 
plyometric training on explosive actions and endurance of young soccer players. J Strength Cond 642 
Res 28, 1335-1342. 643 
Saez De Villarreal, E., Requena, B., and Cronin, J.B. (2012). The effects of plyometric training on sprint 644 
performance: a meta-analysis. J Strength Cond Res 26, 575-584. 645 
Stolen, T., Chamari, K., Castagna, C., and Wisloff, U. (2005). Physiology of soccer: an update. Sports 646 
Med 35, 501-536. 647 
Ward, P., Hodges, N., and Williams, A.M. (2007). The road excellence in soccer: Deliberate practice and 648 
the development of expertise. High Ability Studies 18, 119-153. 649 
Wisloff, U., Castagna, C., Helgerud, J., Jones, R., and Hoff, J. (2004). Strong correlation of maximal 650 
squat strength with sprint performance and vertical jump height in elite soccer players. Br J Sports 651 
Med 38, 285-288. 652 
Young, W.B., Dawson, B., and Henry, G.J. (2015). Agility and Change-of-Direction Speed are 653 
Independent Skills: Implications for Training for Agility in Invasion Sports. International 654 
Journal of Sports Science & Coaching 10, 159-169. 655 
 656 
 657 
 658 
 659 
 660 
 661 
 662 
 663 
 664 
 665 
 666 
 667 
 668 
 669 
 670 
 671 
 672 
 673 
 674 
 675 
 676 
 677 
 678 
 679 
 680 
 681 
 682 
 683 
15 
 
8 Figure legend 684 
 685 
Figure 1. CONSORT diagram of the full recruitment and randomization process. 686 
 687 
Figure 2. Effects of 7 weeks of plyometric jump training plus soccer (Experimental) and only-soccer 688 
training (Control) on individual pre-post change for A-B) countermovement jump, C-D) 20-cm reactive 689 
strength index, E-F) 40-cm reactive strength index, and G-H) multiple 5 bounds test. Note: all significant 690 
P values (<0.05) denote a greater number of responders in the Experimental group compared to the 691 
Control group. Responders were identified on an individual basis according to the typical error of 692 
measurement (TE), represented by a dotted line. X2: chi-squared test. 693 
 694 
Figure 3. Effects of 7 weeks of plyometric jump training plus soccer (Experimental) and only-soccer 695 
training (Control) on individual pre-post change for A-B) 20-m sprint time (20 m), C-D) change of 696 
direction speed (CODS), and E-F) maximal kicking test for distance (MKD). Note: all significant P 697 
values (<0.05) denote a greater number of responders in the Experimental group compared to the Control 698 
group. Responders were identified on an individual basis according to the typical error of measurement 699 
(TE), represented by a dotted line. X2: chi-squared test. 700 
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Table 1. Effects of 7 weeks of plyometric jump training plus soccer (Experimental) and only-soccer 
training (Control) on mean group pre-post change (group % change) and number of responders (R) 
for performance variables. 
 Experimental (n=38) Control (n=38) 
 Group % change R, n Group % change R, n 
Countermovement jump (cm) 4.4±3.8* 18† 2.4±7.1 9 
20-cm reactive strength index (mm.ms-1) 23.3±17.3† 33† -1.7±13.2 5 
40-cm reactive strength index (mm.ms-1) 16.7±13.2† 29† -1.0±17.3 7 
5 multiple bounds (m) 4.2±4.8† 24† 0.1±2.0 3 
20-m sprint time (s) -0.4±2.7† 4† 3.8±5.3 2 
Change of direction speed test (s) -3.5±2.5† 19† 3.6±2.5 0 
2.4-km time trial (min) -1.9±2.4† 19† -0.3±1.9 6 
Maximal kicking distance test (m) 14.0±10.7† 29† -1.4±5.2 3 
†significantly greater than Control (p<0.01); *significantly greater than Control (p<0.05). 
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